Originals 


J. Jpn. Bot. 

82: 179-189 (2007) 


Two Species of Chlamydomonas 
(Volvocales, Chlorophyceae) New to Japan 

Takashi NAKADA and Hisayoshi NOZAKI 


Department of Biological Sciences, Graduate School of Science, University of Tokyo, 
7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-0033 JAPAN 
E-mail: naktak@ biol.s.u-tokyo.ac.jp 

(Received on January 31, 2007) 


Chlamydomonas is a unicellular volvocalean genus with two equal flagella and 
single or multiple pyrenoids in the chloroplast. In this study, culture strains originating 
from two localities in Japan were identified as Chlamydomonas ( Cd .) perpusilla 
(Korshikov) Gerloff var. perpusilla and Cd. pumilio H. Ettl var. pumilio based on light 
microscopy. Neither species has been previously recorded in Japan. Molecular 
phylogenetic analyses based on 18S ribosomal RNA genes showed that Cd. perpusilla is 
closely related to Chlorogonium, and Cd. pumilio formed a clade with some 
Chlamydomonas species and Polytoma. 

Key words: Chlamydomonas perpusilla, Chlamydomonas pumilio, culture strain, 
taxonomy. 


Chlamydomonas Ehrenb. is a unicellular 
volvocalean genus that is traditionally char¬ 
acterized by having two equal flagella and 
single or multiple pyrenoids in the 
chloroplast and lacking specialized features 
in protoplasts and cell walls (Ettl 1976, 
1983, Melkonian and Preisig 2000). 
Proschold et al. (2001) amended the 
Chlamydomonas genus and restricted it to 
few species closely related to their proposed 
“conserved type species”, Cd. reinhardtii P. 
A. Dang. However, around 400 other species 
have not yet been reclassified at the genus 
level. To advance the natural classification 
of “Chlamydomonas”, more phylogenetic 
studies of morphologically characterized 
strains are needed. 

Although more than 400 species of 
Chlamydomonas were recorded from various 
freshwater habitats worldwide (Ettl 1976, 
1983), just less than 30 Japanese species 
have been identified to the species level 


(Akiyama et al. 1977, Ichimura 1997, 
Nozaki 2000, Kasai et al. 2004, Pocock et al. 
2004). Most of these Japanese species have 
been recorded without culture strains, and 
their taxonomic re-examination and determi¬ 
nation of phylogenetic position within 
Volvocales are thus almost impossible. 

Recently, we isolated strains of two spe¬ 
cies of Chlamydomonas and identified them 
as Cd. perpusilla (Korshikov) Gerloff var. 
perpusilla and Cd. pumilio H. Ettl var. 
pumilio, both of which are new to Japan. 
Morphology, taxonomy and 18S ribosomal 
RNA O'RNA) gene phylogeny of these two 
Japanese algae are described in this report. 

Materials and Methods 

The soil samples from which Cd. perpu¬ 
silla var. perpusilla SkCr-10 and SkCl-3 
were isolated originated from the bottom of 
Sakataga-ike Pond fN35°49Vo140° 1 h'26", 
pH 7.1, 22.FC for SkCr-10 and N35°49' 
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Table 1. List of 18S rRNA gene sequences of Chlamydomonas taxa obtained in this study 


Taxa 

Strain designation 

Accession number 

Cd. perpusilla var. perpusilla 

SkCr-10 (= NIES-1849) 

AB290339 

Cd. pumilio var. pumilio 

ArC-7 (= NIES-1850) 

AB290340 

Cd. sordida 

SAG 18.73* 

AB290341 


*Schlosser (1994). 


KTeWO 0 ^^", pH 6.2, 17.5°C for SkCl- 
3), Ootake, Narita-shi, Chiba, on 23 July, 
2003. A small amount of the dried soil sam¬ 
ples were re-wetted with ion-exchanged 
water in a Petri dishes. Cd. pumilio var. 
pumilio ArCp-7 was isolated from a water 
sample collected from a pond (approxi¬ 
mately N35 o 38 / 55 /, E139 o 43 / 40", pH 7.2, 
18.0°C) in Arisugawanomiya Memorial 
Park, Minato-ku, Tokyo, on 28 April, 2003. 
Clonal cultures were established from the 
water sample or re-wetted soil samples in 
Petri dishes using the pipette-washing 
method (Pringsheim 1946). For comparison, 
a strain (SAG 18.73) labeled “ Cd. pumilio ” 
was obtained from Sammlung von 
Algenkulturen der Universtat Gottingen 
(SAG; Schlosser 1994). The cultures were 
grown in screw-cap tubes (18 x 150 mm) 
containing 9-10 mL of MG medium (Kasai 
et al. 2004) and maintained at about 20°C, 
with an alternating 14 h light / 10 h dark 
cycle, at a light intensity of about 130-200 
pmol-m" 2 -s _1 provided by cool white fluores¬ 
cent lamps. SkCr-10, SkCl-3 and ArCp-7 
were deposited in the Microbial Culture 
Collection at the National Institute for Envi¬ 
ronmental Studies (NIES) as NIES-1849, 
-1848 and -1850, respectively. 

Because Cd. perpusilla was shown to be 
closely related to some species of 
Chlorogonium (Fig. 20) for which pyrenoid 
stability is a key distinguishing character at 
the species level (Nozaki et al. 1998), we de¬ 
termined whether the pyrenoids were stable 
or unstable (Nozaki et al. 1994, 1995) in 
Cd. perpusilla SkCr-10. The cells were 


grown photoheterotrophically in AF-6 
medium (Kato 1982, Kasai et al. 2004) sup¬ 
plemented with major organic compounds 
(modified acetate medium: 400 mg/L each of 
sodium acetate-3H 2 0, glucose, bacto yeast 
extract, and bacto tryptone) as described by 
Nozaki et al. (1995). Light microscopy was 
earned out using an Olympus BX60 micro¬ 
scope equipped with Nomarski interference 
optics. 

For phylogenetic analyses, partial 18S 
rRNA genes from SkCr-10, ArCp-7 and 
SAG 18.73 (Table 1) were sequenced as 
described previously (Nozaki et al. 1997, 
Fawley and Fawley 2004, Nakada and 
Nozaki 2007). 18S rRNA gene sequences 
were aligned by Clustal X (Thompson et al. 
1997), and manually refined. The rRNA sec¬ 
ondary structure of Volvox carteri F. Stein f. 
nagariensis M. O. P. Iyengar (Rausch et al. 
1989) was used as a reference for the align¬ 
ment. The region used for phylogenetic 
analyses corresponded to positions 57-1732 
of the V. carteri f. nagariensis (Rausch et al. 
1989). Two alignments were constructed. 
One (“volvocalean alignment”) included 38 
volvocalean OTUs (Fig. 19) and the other 
(“Dunaliella alignment”) included 33 OTUs 
(Fig. 20) selected from Dunaliella and 
Lobocharacium lineages sensu Buchheim et 
al. (2002). Carteria crucifer a Korshikov and 
Lobocharacium lineage were designated as 
outgroups for the volvocalean and 
Dunaliella alignments, respectively, in ac¬ 
cordance with previous phylogenetic studies 
(Proschold et al. 2001, Buchheim et al. 2002, 
Nozaki et al. 2003). 
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These two alignments were subjected to 
maximum likelihood (ML), most parsimoni¬ 
ous (MP) and neighbor-joining (NJ) analyses 
that were performed using PAUP 4.0b 10 
(Swofford 2002). For ML analyses, we ap¬ 
plied a TrN + I + G model for volvocalean 
alignment and a TrNef+1 + G model for 
Dunaliella alignment selected by hLRT 
using Modeltest 3.7 (Posada and Crandall 
1998). The phylogenetic analyses were per¬ 
formed as described previously (Nakada and 
Nozaki 2007), except that bootstrap prob¬ 
abilities (BP) of ML analyses were per¬ 
formed using a subtree pruning-regrafting 
branch-swapping algorithm. 

For Bayesian analyses, we applied the 
GTR + I + G model for volvocalean align¬ 
ment and the SYM + I + G model for 
Dunaliella alignment selected by hLRT 
using MrModeltest 2.2 (Nylander 2004). 
Posterior probabilities (PP) were calculated 
based on the Bayesian analyses with 
MrBayes 3.1.2 (Ronquist and Fluelsenbeck 
2003), as described previously (Nakada and 
Nozaki 2007), except for the generation of 
Markov chain Monte Carlo (MCMC) itera¬ 
tions (1,500,000 generations for volvocalean 
alignment and 1,000,000 generations for 
Dunaliella alignment). The average standard 
deviation of split frequencies of the two 
MCMC iteration runs was below 0.01 for 
each analysis, indicating convergence. 

Results and Discussion 
Taxonomic accounts 

Chlamydomonas perpusilla (Korshikov) 
Gerloff var. perpusilla: Gerloff (1940), p. 
471. [Figs. 1-8, 21] 

Chlamydomonas minima Korshikov in 
Pascher non J. Schiller (1925). Korshikov in 
Pascher (1927), p. 280, fig. 241. 

Cells biflagellate, with a thin cell wall, 
fusiform with blunt anterior and posterior 
ends (Figs. 1-3). Anterior papilla semicircu¬ 
lar and inconspicuous (Figs. 1-3). Cells 
asymmetric, with a nearly straight side 


(“ventral” side) and more convex side 
(“dorsal” side) (Figs. 1-3). Two contractile 
vacuoles located in the anterior end of the 
protoplast (Fig. 1). Chloroplast parietal, fill¬ 
ing the dorsal side of the protoplast, reaching 
to the anterior and posterior ends of the 
protoplast, with a single large pyrenoid posi¬ 
tioned centrally (Figs. 1-3). Pyrenoid nearly 
spherical, stable (Figs. 1, 3, 4). Nucleus 
located posterior to the pyrenoid on the ven¬ 
tral side of the cell (Fig. 2). Stigma single, 
elliptical to pear-shaped, positioned in the 
anterior 1/4—1/2 of the cell (Figs. 2, 3). 
Flagella as long as or slightly longer than the 
cell length (Figs. 2, 3). Cells 6-11 pm in 
length, 2-4 pm in width. Asexual reproduc¬ 
tion accomplished by formation of two or 
four zoospores (Figs. 7, 8). The first cell 
division transverse, following loss of flagella 
and movement of two contractile vacuoles 
and the nucleus toward the division plane 
(Figs. 5, 6). 

Strains examined: SkCr-10 and SkCl-3. 

Distribution: British Isles (Pentecost 
2003), Czech Republich (Ettl 1958), 
Romania (Peterfi and Peterfi 1966), Russia 
(Dedusenko-Segoleva et al. 1959), Tajikistan 
(Vaulina et al. 1959), Ukraine (Pascher 
1927), USA (Alaska; Hortobagyi and 
Hilliard 1965) and Japan. 

Remarks: The Japanese isolate was almost 
identical to Korshikov’s original description 
(Pascher 1927) in that it possesses fusiform 
and asymmetric vegetative cells, two anterior 
contractile vacuoles, parietal chloroplast 
with a single central pyrenoid and a stigma, 
and basal nucleus (Figs. 1-3, 21). Both 
Japanese material and Ukrainian material by 
Korshikov (Pascher 1927) show the first 
transverse cell division during asexual repro¬ 
duction (Fig. 6). Two other varieties have 
been described in Cd. perpusilla (Ettl 1976), 
Cd. perpusilla var. limnicola (Kol) 
Nakada & Nozaki, comb. nov. (see nomen¬ 
clature) and Cd. perpusilla var. monovacuo- 
lata Fott & H. Ettl. Cd. perpusilla var. 
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Figs. 1-8. Chlamydomonas perpusilla (Korshikov) Gerloff var. perpusilla (SkCr-10). Nomarski interference 
microscopy shown at the same magnification. Figs. 1-4. Vegetative cells. Figs. 1-3. Cells grown photoauto- 
trophically (3 days old in MG medium). Fig. 4. Cell grown photoheterotrophically (24-h culture in the modi¬ 
fied acetate medium), showing stable pyrenoids. Figs. 5-8. Asexual reproduction. Fig. 5. Cell at the 
beginning of asexual reproduction. Note two contractile vacuoles on the way to the division plane. Fig. 6. 
Transverse first cell division. Fig. 7. Two daughter cells in the parental cell wall. Fig. 8. Four daughter cells 
in the parental cell wall. Abbreviations: pa, papilla; cv, contractile vacuole; p, pyrenoid; f, flagellum; n, 
nucleus; e, stigma. Scale = 5 pm. 


limnicola is different from the type variety 
including the present Japanese strain in its 
tapered anterior end of the protoplast and re¬ 
duced chloroplast, which is distant from both 
anterior and posterior end of the protoplast 
(Kol 1938). Cd. perpusilla var. monovacuo- 
lata has only a single contractile vacuole 
(Fott and Ettl 1959), while the type-variety 
has two contractile vacuoles (Fig. 1; Pascher 
1927). Chlamydomonas fusus H. Ettl is also 
similar to Cd. perpusilla in possessing 
fusiform vegetative cells, two anterior 
contractile vacuoles, parietal chloroplast 


with a single central pyrenoid and a stigma, 
and a basal nucleus (Ettl 1965). However, 
Cd. fusus has symmetric vegetative cells 
(Ettl 1965), while Cd. perpusilla has asym¬ 
metric vegetative cells (Figs. 1-3; Pascher 
1927). 

Chlamydomonas pumilio H. Ettl var. 
pumilio: Ettl (1965), p. 382, fig. 76. 

[Figs. 9-16, 22] 
Cells biflagellate, with a thin cell wall, ob¬ 
long, ellipsoidal to ovoid (Figs. 9-12). 
Anterior papilla keel-like. Two contractile 
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Figs. 9-16. Chlamydomonas purnilio H. Ettl var. pumilio (ArCp-7). Nomarski interference microscopy shown 
at the same magnification. Cells grown photoautotrophically (3 days old in MG medium). Figs. 9-12. 
Vegetative cells showing variations of cell shape. Figs. 13-16. Asexual reproduction. Fig. 13. Transverse 
first cell division. Note two contractile vacuoles positioned across the division plane. Fig. 14. Two daughter 
cells in the parental cell wall. Fig. 15. Four daughter cells in the parental cell wall. Fig. 16. Eight daughter 
cells in the parental cell wall. For abbreviations, see Figs. 1-8. Scale = 5 pm. 


vacuoles located near the anterior end of the 
protoplast (Fig. 10). Chloroplast parietal, 
reaching to the both anterior and posterior 
ends of the protoplast, with a single large 
pyrenoid positioned centrally (Figs. 10-12). 
Pyrenoid nearly spherical (Figs. 10-12). 
Nucleus located in the basal region of the 
protoplast (Figs. 10-12). Stigma single, cir¬ 
cular to elliptical, positioned in the anterior 
1/3—1/2 of the cell (Figs. 9, 12). Flagella as 
long as or slightly longer than the cell length 
(Figs. 9, 11). Cells 6-10 pm in length, 2-5 
pm in width. Asexual reproduction accom¬ 
plished by formation of two, four or eight 


zoospores (Figs. 14-16). The first cell divi¬ 
sion transverse, following loss of flagella 
and movement of two contractile vacuoles 
and the nucleus toward the division plane 
(Fig. 13). 

Strain examined: ArCp-7. 

Distribution: Austria (Ettl 1968), Czech 
Republich (Ettl 1965), Spain (Cambra and 
Hindak 1998), Brazil (Bicudo 2004) and 
Japan. 

Remarks: The Japanese isolate was almost 
identical to the original description (Ettl 
1965) in that it possesses more or less ellip¬ 
soidal vegetative cells with keel-like papilla, 
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two anterior contractile vacuoles, parietal 
chloroplast with a single central pyrenoid 
and a stigma, and basal nucleus (Figs. 9-12). 
Ettl (1968) described a single variety, Cd. 
pumilio var. ovoidea H. Ettl. 
Chlcimydomonas pumilio var. ovoidea has 
regularly ovoid or ovoid-ellipsoidal small 
vegetative cells measuring 3.5-5 pm in 
length (Ettl 1968), and is distinguished from 
the type variety which has oblong, ellipsoi¬ 
dal to ovoid vegetative cells measuring 4.5- 
10 pm in length (Figs. 9-12; Ettl 1965). Cd. 
asymmetrica Korshikov var. minima Bourr., 
Cd. aggregata Deason & H. C. Bold and 
Cd. kakosmos F. Moewus are similar to Cd. 
pumilio in that they possess small (5-11 pm 
in length) ellipsoidal vegetative cells, two 
anterior contractile vacuoles, parietal 
chloroplast with a single pyrenoid, and basal 
nucleus (Ettl 1976, 1983). Flowever, Cd. 
asymmetrica var. minima has asymmetrical 
cells, and neither Cd. aggregata nor Cd. 
kakosmos has distinct papilla on the anterior 
end of the cell (Ettl 1976, 1983). 

Because SAG 18.73 was previously iden¬ 
tified as “ Cd. pumilio ” (Schlosser 1994), we 
also observed SAG 18.73 for comparison. 
Flowever, SAG 18.73 was clearly different 
from Cd. pumilio as SAG 18.73 has cells 
with rounded papilla and anterior nucleus 
(Fig. 18) while Cd. pumilio has a keel-l ik e 
papilla and a nucleus that is always posi¬ 
tioned in the basal region of the protoplast 
(Figs. 10-12; Ettl 1965). Therefore, we iden¬ 
tified strain SAG 18.73 as Cd. sordida H. 
Ettl (Figs. 17, 18). Cd. sordida SAG 18.73 
was phylogenetically distant from Cd. 
pumilio (Fig. 19). 

Phylogenetic Analyses 

Based on the volvocalean alignment, sev¬ 
eral major lineages of the Volvocales were 
resolved (Fig. 19). For example, a Dunaliella 
lineage (Buchheim et al. 2002) was resolved 
with moderate statistical support (with BP of 
71%, 76% and 76% in the ML, MP and NJ 



Figs. 17-18. Chlamydomonas sordida H. Ettl (SAG 
18.73 “Cd. pumilio”). Nomarski interference 
microscopy of the vegetative cells, shown at the 
same magnification. Cells grown photoauto- 
trophically (3 days old in MG medium). For 
abbreviations, see Figs. 1-8. Scale = 5 pm. 

analyses, respectively, and 1.00 PP). The 
Lobocharacium lineage (Buchheim et al. 
2002) was sister to the Dunaliella lineage in 
ML, NJ and Bayesian trees, but this relation¬ 
ship was supported only by 57% BP of NJ 
analysis. Chlamydomonas perpusilla and 
Cd. pumilio were included within the 
Dunaliella lineage. Although Cd. sordida 
SAG 18.73 was previously identified as 
“Cd. pumilio ” (Schlosser 1994), it was not 
related to Cd. pumilio but included within 
the Tetracystis lineage (100% BP in ML, MP 
and NJ analyses, and 1.00 PP). 

In the phylogenetic analyses based on the 
Dunaliella alignment (Fig. 20), Cd. 
perpusilla was included within the ‘ Chloro- 
goniuin- Clade (Proschold et al. 2001) with 
moderate statistical support (BP of 86%, 
75% and 59% in the ML, MP and NJ analy¬ 
ses, respectively, and 1.00 PP). In the 
‘ Chloro goniuin - Clade, Cd. perpusilla, three 
Chlorogonium species, chlamydomonad sp. 
NDem 9/21 T-14d and two 18S rRNA gene 
sequences derived from unidentified organ¬ 
isms formed a clade with moderate support 
(BP of 66%, 58% and 74% in the ML, MP 
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oo i - Chlorococcum diplobionticum UTEX 950 (U70587) 

ion I- Haematococcus zimbahwiensis UTEX 1758 (U70797) 

- Chlorosarcinopsis arenicola UTEX 1697 (AB218701) 

Chlamydomonas perpusilla var. perpusilla SkCr-10 (AB290339) 
Chlorogonium euchlorum SAG 12-2d (AJ410443) 

Haematococcus lacustris UTEX 16 (DQ009774) 


Polytoma uvella SAG 62-2M (U22942) 

“Chlamydomonas pulsatilla" NIES-122 (AB001039) 
Chlamydomonas pumilio var. pumilio ArCp-7 (AB290340) 
Chlamydomonas applanata UTEX 225 (U13984) 

Dunaliel/aparva UTEX 1983 (M62998) 

Chlamydomonas tetragama NIES-446 (AB007370) 

Lobocharacium coloradoense UTEX 2772 (AF395436) ■ 


Dunaliella lineage 


Chlamydomonas raudensis CCAP 11/131 (AJ781313) 
Chlamydomonasparkeae MB1C10599 (AB058373) 

Chlamydomonas hedleyi ATCC 50216 (AJ7813I2) 

— Chlamydomonas sordida SAG 18.73 “C.pumilio” (AB290341) 
Chlamydomonas noctigama UTEX 1339 (AF008241) 

Chlamydomonas acidophila CCAP 11/133 (AJ78384I) 

- Chlamydomonas moewttsii UTEX 9 (U41174) 
Chlamydomonas pitschmannii DBV 238 (AJ628980) 

Phacotaceae 


■ Lobocharacium lineage 


Tetracystis 

lineage 


r Wislouchiellaplanclonica UTEX 1030 (AF252547) 
i- Phacotus lenticularis “970801-21” (AY009896) 


- Chlamydomonas monadina SAG 8.87 (AY220559) 

“Chlamydomonas pulsatilla CCCryo 038-99” (AF514404) 

- Chloromonas clathrata UTEX 1970 (U70791) 

- Chloromonas augustae SAG 5.73 (AJ410452) I 
- Actinochloris sp. “BCP-LG3VF20” (AY271674) 

-Asterococcus korschikoffii ACOI 326 (AB175837) | Oagamochlamys lineage 


Monadina lineage 
Chloromonas lineage 


85/1.DC 

100/1.00 

93/87 

100/100 



- Oogamochlamys gigantea SAG 44.91 (AJ410465) 
loon.oi) 


I- Volvox carteri f. nagariensis UTEX 1885 (X53904) 

L Chlamydomonas reinhardtii CC400 (M32703) 

Chlamydomonas asymmetrica SAG 70.72 (U70788) 

- Heterochlamydomonas inaequalis UTEX 1705 (AF367857) 
Hafniomonas “ reticulata ” “Shizuoka” (D86496) 

Carteria radiosa NIES-432 (D86500)- 


Spermatozopsis similis SAG 1.85 (X65557) 


Volvox lineage 


■ Carteria I lineage 


Carteria crucifer a NIES-421 (D86501) - 


Carteria II lineage 


Fig. 19. Maximum likelihood (ML) tree based on the aligned 18S rRNA genes from volvocalean OTUs 
(volvocalean alignment). Numbers indicate bootstrap values from ML (top left), most parsimonious (bottom 
left), neighbor-joining (bottom right) analyses, and Bayesian posterior probabilities (top right). Bootstrap 
values >80% and Bayesian PPs >0.95 are shown except for some nodes discussed in the text (boxed). 
Branch lengths represent nucleotide substitutions per site. Accession numbers are shown right to each OTUs. 


and NJ analyses, respectively, and 0.93 PP). 
Chlamydomonas perpusilla was closely 
related to chlamydomonad sp. NDem 9/21 
T-14d and uncultured eukaryotic pico- 
plankton clone VN9 (>85% BP in the ML, 
MP and NJ analyses, and 1.00 PP). 

The 18S rRNA gene sequences of 
chlamydomonad sp. NDem 9/21 T-14d and 
uncultured eukaryote VN9 are very similar 
to that of Cd. perpusilla (99.6% over 1688 
bp and 98.9% over 887 bp, respectively). 
The similarity between Cd. perpusilla SkCr- 
10 and chlamydomonad sp. NDem 9/21 T- 
14d is comparable with intraspecific 
variation of volvocalean algae. For example, 


the similarity between two strains of 
Chlorogonium elongation (P. A. Dang.) 
France, UTEX 2561 and IAM C-293, is 
99.3% over 1687 bp. Therefore, Cd. 
perpusilla SkCr-10 and chlamydomonad sp. 
NDem 9/21 T-14d are probably conspecific 
or closely related, and detailed morphologi¬ 
cal observation of strain NDem 9/21 T-14d 
would be helpful in resolving its taxonomic 
relationship to Cd. perpusilla. 

Chlamydomonas pumilio was included 
within the ‘Polytoma’-C lade (Prose hold 
et al. 2001) with strong statistical support 
(BP of 95%, 92% and 100% in the ML, MP 
and NJ analyses, and 1.00 PP). Chlamydo- 
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Lobocharacium lineage 


Fig. 20. Maximum likelihood (ML) tree based on the aligned 18S rRNA genes of OTUs of Lobocharacium and 
Dunaliella lineages (Dunaliella alignment). For details, see Fig. 19. 


monas pumilio formed a clade with three 
strains of Chlamydomonas (NIES-122, 
CCAP 11/44 and SAG 12.87) and with 
Polytoma uvella (>90% BP in the ML, MP 
and NJ analyses, and 1.00 PP). Though 
strains NIES-122 and CCAP 11/44 were 
identified as “ Cd. pulsatilla ” (Ichimura 
1997, Thompson et al. 1988), they were not 
monophyletic (Fig. 20). Another 18S rRNA 
gene sequence of “Cd. pulsatilla CCCryo 
038-99” was distantly related to the 
Dunaliella lineage and closely related to Cd. 
monadina F. Stein to form the Monadina 
lineage (Fig. 19). Therefore, the strains la¬ 
beled “Cd. pulsatilla” are to be re-examined. 


Conclusions 

The first phylogenetic analyses of 18S 
rRNA gene sequences of Cd. perpusilla and 
Cd. pumilio showed that they represent new 
lineages of Chlamydomonas. More than 100 
other organisms related to Volvocales repre¬ 
sented by unique 18S rRNA sequences have 
been already reported (e.g., Fawley et al. 
2004), and morphological studies on such or¬ 
ganisms are necessary for the comprehensive 
revision of the genus Chlamydomonas. 

Nomenclature 

Chlamydomonas perpusilla (Korshikov) 
Gerloff var. limnicola (Kol) Nakada & 
Nozaki, comb. nov. 
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Figs. 21-22. Line drawings of vegetative cells of two 
species of Chlamydomonas, shown at the same 
magnification. Fig. 21. Cd. perpusilla 
(Korshikov) Gerloff var. perpusilla. Fig. 22. Cd. 
pumilio H. Ettl var. pumilio. Scale = 5 pm. 


Basionym: Chlamydomonas minima 

Korshikov var. limnicola Kol in Arb. Ung. 
Biol. Forsch.-Inst. 10 : 168 (1938). 

Chlamydomonas perpusilla (Korshikov) 
Gerloff var. “ limicola ” Hub.-Pest., nom. nud. 

Huber-Pestalozzi (1961) considered the 
original spelling of the variety “ limnicola ” 
(dweller in water) as an error for “ limicola ” 
(dweller on mud). However, there is no clear 
evidence to indicate the original spelling was 
in fact an error (Kol 1938, Huber-Pestalozzi 
1961). Huber-Pestalozzi failed to indicate the 
full and direct reference to the basionym, and 
thus did not validate the intended new com¬ 
bination (Huber-Pestalozzi 1961). Therefore, 
the combination, Chlamydomonas perpusilla 
var. limnicola, is here validated. 
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